Experimental studies are described of the problem of scattering and roughness modification after deposition of optical thin films as used for application in laser components. BK7 substrates with different surface finish have been coated with MgF2, LaF3, Si02 and Nb2O5 films as representatives of low index/ high index columnar structured and structureless films, respectively. Total integrated scattering (TIS) and angle resolved scattering (ARS) measurements at 632.8 nm and 325 nm as well as atomic force microscopy (AFM) investigations demonstrate that coating can result not only in roughness and scattering enhancement but also in its reduction.
the roughness development.
As is schematically shown in In the case of R-polish covered by MgF2, the substrate defects are obviously replicated, with the rms roughness value determined by AFM slightly increasing (Fig. 13) R-polish, scattering was found to be higher than that of the bare substrate.
As for the fluoride layers deposited onto Spand N-polish, increase in scattering prevails (Figs. 14, 15 and 17), which implies roughness enhancement after coating and, hence, reflects the impact of the columnar microstructure Finally it should be mentioned that volume scattering has been neglected in all our considerations. This is justified even for the columnar structured fluoride films, because for usual layer designs on glass substrates roughness induced interface scattering has proved to considerably exceed any volume effects2).
Summary
By using selected model substrates and film materials it has been shown that covering a glass substrate with an optical thin film layer, laser light scattering in the visible (632.8 nm) and ultraviolet (325 nm) range can remain approximately unchanged, can increase, or decrease. The particular effects are strongly dependent on the surface roughness of the substrate. Scattering reduction occurred mainly in the case of the low index amorphous film which was represented by magnetron sputtered SiO2. With strongly structured low index films (evaporated MgF2) on rough substrates, however, smoothing was achieved. By appropriately choosing the optical film thicknesses and by means of AFM it could be proved that the results were attributed to surface roughness alteration rather than to optical effects. Deviations between the results of scattering and AFM were explained by the different bandwidths of surface spatial frequencies. So far, the results have been confined to single layer films. Future systematic investigation will focus on multilayer coatings while also extending the spectral range of light scattering measurement to the KrF laser wavelength (248 nm).
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